The cleaning of Si 0.85 Ge 0.15 surfaces using HCl and HF solutions is studied using synchrotron radiation photoelectron spectroscopy. The HF solution is found to be effective in removing both the Si oxide and the Ge oxide while the HCl solution can only remove part of the Ge oxide. For samples treated with HF, four spectral components are needed to fit the Ge 3d photoemission spectra. One is the bulk component and the other three are attributed to the surface Ge atoms with mono-hydride, di-hydride and trihydride terminations, respectively.
Recently, Si 1-x Ge x alloys have received a lot of attention due to their potential abilities to improve the performance of very large scale integrated (VLSI) circuits independent of geometric scaling. 1, 2 The strains generated by incorporating Si 1-x Ge x into Si based devices allow significant enhancement of carrier mobility over bulk Si. 1 Although the electrical properties and the fabrication of devices using Si 1-x Ge x have been thoroughly studied, only limited research has been carried out on their surface chemical cleaning. [3] [4] [5] [6] [7] [8] Wilde et al. reported the existence of hydrogen on HF cleaned Si 1-x Ge x surfaces, 9 but the nature of the surface after HF cleaning is still not clearly understood. In this study, we use synchrotron radiation photoelectron spectroscopy to examine Si 0.85 Ge 0.15 surfaces cleaned by HCl and HF solutions. We found that HCl can only remove some of the Ge oxide, leaving the Si oxide on the surface almost intact, while HF is effective in removing the oxides and leaves the surface hydrogen terminated.
The Si 0.85 Ge 0.15 sample used in this work is grown on a Si(100) substrate using molecular beam epitaxy (MBE). The thickness of the film is 150 nm and the Ge atomic concentration is 15%. The chemical treatments by 10% HCl solution or 2% HF solution are performed in a glove bag purged with Argon. Photoemission spectra are collected at beam line 8-1 (hν: 50 -170 eV) and beam line 10-1 (hν: 180 -1400 eV) of the Stanford Synchrotron Radiation Lab (SSRL). Unless stated otherwise, all spectra are collected at normal emission angle. Ge 3d spectra are fitted with a spin-orbit splitting of 0.585 eV and a branching ratio of 0.667 using the fitting program developed by A. Herrera-Gomez.
10
The Ge 3d and Si 2p spectra of an as-received Si 0.85 Ge 0.15 sample are shown as the top curves in figure 1(a) and 1(b), respectively, where the peak at 92 eV in figure 1(a) is due to the native Ge oxide and the peak at 22 eV in figure 1(b This is consistent with the earlier research on the oxidation of Si x Ge 1-x , where it is found that the oxide layer accumulates Si. 4 The Ge 3d and Si 2p spectra after the sample is treated by 10% HCl solution for 10 min are shown as the middle curves in figure 1(a) and 1(b), respectively. There is almost no change for the Si oxide peak while the Ge oxide peak is reduced but not completely removed. Since the measurement at 60 o is more surface sensitive than that at 0 o , we can reach a conclusion that the three components on the left are due to the Ge atoms on the surface while the component on the right is due to subsurface Ge atoms. This conclusion is further supported by the Ge 3d spectrum taken at hν = 420 eV, which is shown in figure   2 (c). In figure 2(c), the three surface components become smaller at hν = 420 eV than those at hν = 80 eV due to the smaller surface sensitivity. This reduced surface sensitivity is due to the longer escape depth of the photoelectrons excited at hν = 420 eV compared with those excited at hν = 80 eV
Because there is no detectable fluorine in the F 1s spectrum, and the oxygen coverage, calculated from the O 1s spectra, is less than 0.03 monolayers (ML) and is mostly due to adsorbed water because it is almost gone if sample is annealed at 100 o C, those Ge 3d surface components are not due to the surface Ge atoms terminated by either fluorine or hydroxide. The plausible conclusion is that they are due to the surface Ge atoms terminated with hydrogen. This conclusion is consistent with the known fact that both Si and Ge samples treated with HF solutions result in hydrogen-terminated surfaces; 11 it also agrees with the reported existence of hydrogen on HF treated Si 1-x Ge x surfaces. Figure 3 
